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INTRODUCTION 

Soil  mixtures  for  golf  greens  have  long  been  a  topic  of  discussion  but  the 
controversy  has  recently  been  intensified  by  the  most  accelerated  pace  in  golf 
course  construction  since  the  Introduction  of  the  game  into  the  United  States. 

One  reason  for  the  failure  of  previous  recommendations  is  that  more  golf 
is  being  pl?iyed  than  ever  before  and  the  greenc  are  having  to  demonstrate  a 
higher  resistance  to  compaction  than  ever  thought  necessary. 

When  a  *oil  is  subjected  to  compaction,  high  moisture  applications,  and 
nutrient  levels  -which  accelerate  the  decomposition  of  organic  matter,  the 
physical  properties  are  difficult  to  maintain  in  a  condition  which  is  conducive 
to  good  turf  grass  growth. 

One  method  for  overcoainr  this  undesirable  change  in  soil  structure  is  to 
create  a  mixture  which  will  resist  the  effects  of  compaction  under  these  ad- 
verse conditions  and  yet  possess  such  a.ualities  as  are  necessary  to  produce 
turf  with  a  desirable  playing  surface . 

This  investigation  evaluates  ten  experimental  soil  mixtures  to  determine 
the  sand-scil-peat  ratio  which  is  superior  for  the  foliar  and  root  development 
of  five  bent grass  varieties. 

REVIEW  OF  LITERATURE 

In  the  selection  of  a  soil  mixture  to  be  used  in  the  construction  of  a 
golf  green  there  are  a  multitude  of  factors  to  be  considered.     The  mixture 
should  be  of  such  a  nature  that  it  will  allow  quick  drainage,  yet  hold  water 
and  nutrients,  resiat  compaction  and  maintain  its  porosity  to  air  and  water 
after  extended  periods  of  play  and  possess  a  resilience  that  is  suitable  to 
the  players. 


Previous  recommendations  are  being  replaced  by  a  trend  toward  unusually 
high  sand  proportions.  Latham  (21)  reports  that,  generally  speaking,  a 
desirable  soil  mixture  should  contain  approximately  60  to  75  percent  sand, 
10  to  15  percent  topsoil,  and  the  remainder  peat  or  some  other  organic  material. 
Ferguson  (10)  recommends  the  use  of  75  percent  ooarse  sand,  15  percent  peat 
and  10  percent  heavy  clay  soil.  The  topsoil  which  is  incorporated  into  the 
mixture  deserves  considerable  attention.  About  five  to  eight  percent  pure 
clay  is  sufficient  to  permit  the  mixture  to  be  fairly  effective  in  supplying 
nutrients  to  the  grass.  A  survey  by  Garman  (13)  showed  that  greens  in  Oklahoma 
containing  less  than  three  percent  by  weight  of  clay  exhibited  occasional 
chlorosis,  poor  growth,  aid  moisture  deficient  areas.  When  the  clay  content  of 
a  mixture  rises  above  10  percent,  it  tends  to  become  plastic  in  nature  and  the 
soil  compacts  readily.  Howard  (18)  obtained  best  results,  based  on  weight  of 
clippings,  from  a  mixture  containing  5  to  10  percent  montmorillonite  clay. 

The  next  consideration  after  determining  the  topsoil  to  be  used  is  the 
grade  of  sand  to  incorporate.  Kunse  (19)  (20),  in  working  with  mixtures  of 
various  size  particles,  found  that  after  compaction  the  1.0  to  0.5  millimeter 
and  mixed  particle  sizes  gave  by  far  the  largest  clipping  yield  but  the  root 
weight  increased  with  a  decrease  in  particle  size  with  the  greatest  quantity  of 
roots  in  sands  of  the  0.5  to  0.25  millimeter  range. 

Howard  (18)  recommends  a  sand  in  which  more  than  50  percent  of  the  particle* 
are  between  0.5  and  0.25  millimeter  in  mixtures  containing  from  5  to  10  percent 
clay.  Ooss  (1U)  states  that  at  least  70  to  85  percent  by  volume  of  a  sand  in 
the  0.U  to  0.2  millimeter  group  should  be  used  in  golf  green  mixtures. 

Lunt  (23)  in  California  found  that  a  four  inch  layer  of  sand  placed  on  top 
of  a  soil  susceptible  to  compaction  would  distribute  the  load  of  foot  traffic 
sufficiently  to  effectively  protect  the  soil  underneath  from  compaction.  The 


most  de sirable  sand  size  for  this  purpose  appears  to  be  in  the  range  from  C*k 
to  0.2  millimeter,  with  about  75  percent  of  the  particles  in  this  range  and  not 
more  than  6  to  10  percent  in  the  range  smaller  than  0.10  millimeter.  Silt  and 
very  fine  sand  particles  in  the  size  group  of  0*10  millimeter  and  smaller  are 
too  large  to  form  aggregates  readily,  yet  they  are  small  enough  to  clog  pore 
spaces  and  drainage  ways  among  larger  sand  particles  and  soil  aggregates.  Soils 
with  a  silt  content  above  30  percent  should  be  avoided  in  any  construction  pro- 
gram according  to  Goss  (1U)* 

In  Oklahoma  (1)  there  can  usually  be  found  a  clayey  sand  containing  from 
10  to  25  percent  clay  with  only  three  to  four  percent  silt .  This  type  of  soil 
can  very  easily  be  supple  faented  by  proper  araounds  of  sand  and  organic  matter  to 
produce  ideal  proportions  of  each  component. 

Therefore,  it  is  necessary  not  only  to  select  a  proper  grade  of  sand,  but 
to  conduct  a  mechanical  analysis  of  the  topsoil  to  be  used  to  obtain  the  amounts 
of  sand,  silt  and  clay  which  are  contributed  from  this  constituent. 

In  determining  the  type  of  organic  matter  to  incorporate  into  the  mixture, 
Richer  (27)  concluded  that  a  mixture  of  a  dynamic  material  which  decays  readily 
end  aggregates  silt  and  clay  plus  a  material  resistant  to  decay  for  long  last- 
ing effects  would  be  desirable.  Sprague  (30)  (31)  states  that  cultivated  New 
Jersey  peat  and  raw  Michigan  peat  were  the  most  effective  sources  of  organic 
matter  based  on  the  relative  resistance  to  decay  and  sustained  improvement  in 
the  physical  condition  of  the  soil. 

Even  though  every  component  is  present  in  the  right  amounts,  proper  and 
thorough  miyine  cannot  be  overlooked.  It  is  in  general  agreement  that  "off 
the  site"  mixing  is  much  to  be  preferred  to  "in  place"  mixing.  Latham  (21) 
demonstrated  that  golf  greens  constructed  by  applying  the  required  materials 
to  the  soil  and  mixing  with  a  rototiller  or  disc  have  resulted  in  a  layered 


condition  which  interferes  with  water  penetration  and  root  growth.    This  phe- 
nomenon wae  confirmed  by  Lunt  (23)  who  showed  how  a  distinct  layer  of  coarae 
sand  in  a  fine  textured  soil  acts  as  a  barrier  to  the  movement  of  water. 

Sand  layers  in  greens  and  destruction  of  large  pores  by  compaction, 
coupled  with  frequent  irrigation,  combine  to  produce  soils  that  are  almost 
saturated  with  water  and  poorly  aerated.    Diffusion  oeasurecKnts  were  made 
by  lunt  (23)  in  a  number  of  both  good  and  poor  quality  greens  and  in  most  cases 
no  neasurable  air  movement  at  a  depth  of  two  and  one-half  inches  below  the  soil 
surface  was  detectable.    Air  diffusion  rates  were  invariably  more  rapid  when 
similar  testa  were  made  just  off  the  green  in  less  compacted  soil. 

Caseous  exchange  as  well  as  water  drainage  is  directly  related  to  the 
porosity  of  the  medium*    More  important  than  total  porosity  is  the  gradu- 
ation and  continuity  of  pore  aiaes  (2t).    Small  pores  act  as  water  reservoirs 
for  the  plant}  whereas,  large,  or  noncapillary  pores,  are  needed  for  the  dif- 
fusion of  gases  and  removal  of  excess  water.    It  is  these  latter  pores  which 
are  uaually  deficient  except  in  very  sandy  soils  or  soils  with  excellent 
structure,  in  which  case  aeration  is  reduced  and  root  respiration  is  impaired 
followed  by  a  re  suiting  reduction  in  overall  plant  growth.    Ihese  soil-air  and 
water  relationships  affecting  root  development  and  ixsnetration  arc  diecuased 

by  Roberts  (28). 

In  laboratory  tests,  Lunt  (23),  using  soil  columns,  indicated  that  soil 
mixes  containing  80  percent  sand  could  still  be  compacted  so  that  percolation 
rates  became  quite  low,  but  this  was  not  possible  when  using  90  percent  sand. 
Laboratory  methods  have  been  standardised  by  Ferguson  (8)  and  co-workers  for 
the  proper  evaluation  of  putting  green  soil  mixtures. 

A  few  disadvantages  of  high  sand  content  greens  are  the  extra  care  in- 
volved in  establishing  the  grass  and  applying  the  additional  fertilizer  which 


is  normally  supplied  by  the  soil.     This  may  involve  frequent  fertilizing  or 
the  use  of  low  solubility  fertilizers  which  do  not  leach  rapidly.     Lunt  (23) 
states  that  the  fertility  management  of  the  experimental  green  at  UCLA  has 
not  been  difficult  and  that  in  view  of  the  greater  root  depth  which  can  be  ex- 
pected in  sand  greens,  the  frequency  of  irrigation  might  even  be  less  than 
that  of  a  typical  green  in  which  root  development  is  limited  to  the  upper  few 
inches.    Two  irrigations  per  week  during  hot  weather  have  been  ample  for  the 
sand  green  there. 

Nelson  (2U)  reports  that  bentgrass,  growing  on  a  six  inch  layer  of  95 
percent  sand,  exhibited  surface  characteristics  about  equal  to  the  plots  on  a 
sandy  loam  and  proved  to  have  deeper  developed  root  zones.     A  disadvantage  was 
a  collapse  of  the  soil  plugs  when  changing  golf  cups. 

In  the  proper  evaluation  of  plant  growth,  it  is  necessary  not  only  to 
observe  the  above  ground  portions  but  also  make  a  thorough  study  of  the  quan- 
tity, depth  and  distribution  of  the  root  systems.     The  root  systems  of  plants 
have  received  less  attention  than  top  growth  largely  because  the  latter  are 
more  conspicuous,  have  definite  economic  value  in  many  crops,  and  form  an 
easily  available  source  of  material  for  analysis.     Since  Stephen  Hales  (26) 
in  1727  perceived  the  idea  that  the  quantitative  extent  of  root  systems  had  a 
direct  bearing  upon  the  productiveness  of  plants,   strenuous  efforts  have  been 
made  to  unveil  the  underground  picture  of  plant  life. 

Much  of  the  work  on  this  subject  during  the  past  half  century  is  review- 
ed by  leaver  (35)  and  Pavlychenko  (25).    Until  1921  when  Fitts  (11)  recognized 
the  need  for  study  in  this  field,  very  little  consideration  was  given  to  the 
roots  of  turf  grass.     Since  many  questions  regarding  the  management  of  turf 
seem  to  be  directed  towards  the  roots,  more  recent  studies  have  been  made  by 
Sprague  (32),  Stuckey  (33)  and  Burton  (5). 


Many  attempts  have  been  made  to  study  roots  in  water  cultures  and  various 
containers  but  results  obtained  under  such  highly  artificial  conditions  do  not 
illustrate  the  usual  extent,  shape,  penetration,  branching  and  performance  of 
root  systems  grown  in  their  natural  habitat  (26). 

Brink  (U)  concluded  that  some  method  of  direct  observation  under  turf 
conditions  would  be  highly  desirable .    This  has  been  accomplished  most  general- 
ly by  obtaining  and  washing  soil  plugs  of  actively  growing  turf.    Burton  (5) 
obtained  cores  eight  feet  deep  and  after  washing  the  soil  from  the  roots  re- 
ported the  yield  in  terms  of  depth  and  pounds  per  acre  of  oven  dry  roots.    The 
oven  dry  weight  basis  is  used  by  Sprague  (32),  Graber  (15),  and  Davis  (6),  but 
Robertson  (29)  compared  root  systems  also  on  the  basis  of  volume  displacement 
in  water.    Harrison  (16)  measured  the  oven  dry  weights  of  roots  and  also  showed 
the  bulk  of  roots  under  each  treatment.     The  total  mmber  of  roots,  branching 
characteristics  and  vigor  was  studied  by  Praaier  (12) .    Thus  it  is  possible  to 
express  the  quantity  and  growth  habit  of  root  systems  in  many  different  ways 
depending  on  the  method  of  analysis  and  the  type  of  data  desired. 

METHODS  AND  PROCEDURE 

Since  no  extensive  experimental  work  has  been  done  in  Kansas  on  soil 
mixtures  for  golf  greens,  it  was  thought  advisable  to  use  the  available  sand 
and  topsoil  from  the  Manhattan  area  in  order  that  recommendations  for  golf 
courses  would  apply  to  the  surrounding  area  as  well  as  other  states  which  have 
a  similar  soil  type. 

A  mechanical  analysis  by  the  Bouyoucous  hydrometer  method  (3)  of  the  top- 
soil  from  the  area  on  which  the  green  was  constructed  indicates  approximately 
2U  percent  clay,  58  percent  silt  and  18  percent  sand.    The  high  silt  content 
presented  a  serious  problem  because  of  its  obvious  affect  on  drainage  and  air 


diffusion,  nevertheless,  it  was  decided  to  utilize  this  soil  and  attempt  to  find 
a  soil-sand-peat  ratio  which  would  produce  optima  root  and  foliar  developmsnt 
of  bentgrass  and  yet  be  resistant  to  compaction. 

Selection  of  a  Sand 

Samples  were  obtained  of  five  available  sands  and  gravel  from  the  Kansas 
(Kgw)  and  Blue  Rivers  and  each  was  sifted  through  a  series  of  sieves  to  separate 
the  particles  into  siae  groups.    Table  1  shows  the  analysis  of  the  available 
sands  and  the  gravel  placed  beneath  the  mixture  for  drainage. 

Table  1.    Sieve  analysis  of  sands  and  gravel  used  in  the  green* 


M  of  Particles 

t 

Percent 

by  Weight 

in  Each 

Si2e 

SiJ 

'         Saw 

Kaw 

Kaw 

Blue 

Blue 

i 

1         Blow 

Mason 

Concrete 

Mason 

Road 

1 

(        Sand 

Sand 

i>and 

Sand 

travel 

2.0  mm  and  larger 

0.0 

.i* 

15.2 

0.0 

6i*.i* 

1.0  - 

2.0  mm 

•U 

7.7 

19.0 

19*1* 

25  .U 

0*5  - 

1.0  mm 

18.it 

30.1* 

27.U 

1*8.9 

8.7 

0.25  « 

•  0.5  mm 

68.8 

50.1* 

30.6 

26.2 

2.1 

o.io5 

.  0.25  mm 

11.2 

9.5 

5.U 

3.5 

•3 

less  than  .105  mm 

1.2 

.9 

.7 

1.3 

.1* 

1 

Phe  blow  sand  from 

the  Saw  ri 

ver  was  fo 

und  to 

be  i 

nost  simi 

Liar  in  its  range 

of  particle  sizes  to  the  sand  used  in  the  experimental  green  at  UCLA  and  recom- 
mended by  Lunt  (23)  as  being  the  most  desirable  grade  of  sand.    He  suggested 
the  use  of  a  sand  having  75  percent  of  its  particles  in  the   .2  to  .1*  millimeter 
size  with  not  more  than  6  to  10  percent  smaller  than  .1  millimeter.     The  Kaw 
blow  sand  most  nearly  conforms  to  these  specifications  and,  therefore,  waa 
selected  for  comparison  in  these  tests* 

Kunze  (20)  and  Dunning  (7)  recommend  the  use  of  larger  sand  particles  in 
the  .5  to  1.0  millimeter  range.    Dunning  (7)  states  that  sand  having  80 
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percent  of  its  particles  in  the   .5  to  1.0  croup  with  less  than  20  percent  being 
from  .25  to  .5  millimeter  is  the  most  desirable  grade.    The  sand  most  closely 
resenbling  these  specifications  was  Blue  river  nason  sand.    Therefore,  it  was 
chosen  as  the  second  sand  for  comparison. 

Construction  of  the  Green 

Procedure  for  the  construction  of  the  green  followed  closely  the  speci- 
fications given  by  Ferguson  (9)  (10)  and  Holmes  (17).     The  topsoil  for  the 
green  was  graded  off  and  stockpiled  near  the  mixing  site.     The  subgrade  was 
established  on  a  gentle  slope  to  the  east  and  south  just  as  the  finished  sur- 
face was  to  be.     Road  gravel  of  the  type  shown  in  Table  1  was  spread  at  a 
depth  of  three  inches  to  provide  for  drainage.     Twelve  inches  of  the  soil  mix- 
tures were  placed  over  the  gravel.    No  coarse  sand  layer  was  included  between 
the  gravel  and  the  mixtures  due  to  the  already  high  sand  content  of  the  mix- 
tures.   The  only  tile  used  in  the  drainage  system  was  a  six  inch  tile  along 
the  east  edge  under  the  collar  of  the  green  to  facilitate  the  removal  of  ex- 
cess water  and  prevent  seepage  through  the  collar. 

Since  the  current  recommendations  are  near  in  excess  of  75  percent  sand, 
it  was  thought  that  mixtures  containing  from  65  to  100  percent  sand  would 
constitute  a  satisfactory  interval  to  include  the  maximum  and  minimum  quan- 
tities which  could  be  used  in  the  construction  of  golf  greens,  and  offer  a 
fair  comparison  of  various  gradations  in  between. 

The  ten  soil  mixtures  used  in  this  test  were  formulated  from  the  top- 
soil  on  the  site,  the  two  selected  sands  and  a  sphagnum  type  of  coarse, 
poultry  grade,  unshredded,  Canadian  peat.     The  volume  proportions  of  each 
mixture  appear  in  Table  2. 


No.  of  Mix 

Type  of  Sand  Used 

%  Sand 

%  Soil 

%  Peat 

1 

Blue  River  Mason 

75 

15 

10 

2 

Kaw  River  Blow 

75 

15 

10 

3 

Blue  River  Mason 

65 

20 

IS 

k 

Kaw  River  Blow 

65 

20 

15 

5 

Blue  River  MaBon 

85 

10 

5 

6 

Kaw  River  Blow 

85 

10 

5 

7 

Blue  River  Mason 

90 

5 

5 

8 

Kaw  River  Blow 

90 

5 

5 

9 

Blue  River  Mason 

100 

- 

w 

10 

Kaw  River  Blew 

100 

~ 

■» 

The  peat  was  available  in  four  and  six  cubic  foot  bales;  consequently,  the 
sand  and  soil  were  also  measured  in  cubic  feet.    A  wooden  box  was  erected  with 
a  capacity  of  80  cubic  feet.     The  materials  were  dumped  into  the  box  by  means 
of  a  tractor  with  a  front  end  loader.     This  was  the  only  means  of  measuring  the 
percentages  of  sand,  soil  and  peat  on  a  large  scale.    For  example,  80  cubic 
feet  of  a  mixture  of  75  percent  sand,  15  percent  soil  and  10  percent  peat  would 
contain  60  cubic  feet  of  sand,  12  cubic  feet  of  soil,  and  ei^ht  cubic  feet  of 
peat.     An  analysis  of  the  soil  mixtures  was  made  after  construction  of  the 
green  to  accurately  determine  the  percentages  actually  contained  in  them. 

The  box  was  supported  about  three  feet  above  ground  in  order  that  the 
contents  could  easily  be  shoveled  out  one  end  into  a  Royer  soil  shredder 
whereby  the  mixture  was  shredded  and  uniformly  mixed  before  placing  on  the 
site  of  the  green. 

Each  mix  was  in  turn  mixed  and  poured  into  forms  three  feet  wide  and  60 
feet  long  made  from  1  x  12  inch  boards,  except  for  the  pure  sand  strips  which 
required  no  mixing.    This  resulted  in  a  soil  layer  12  inches  thick  with  a 
continuous  three  inch  layer  of  coarse  gravel  underneath  for  drainage • 


10 


The  10  mixtures  were  arranged  in  a  randomized  manner  and  replicated  three 
times  in  a  split  i&ve  of  design,  making  a  total  of  30  soil  strips  each  three 
feet  wide  and  60  feet  long.     The  green  therefore  measured  90  x  60  feet  plus  a 
sloping  border  on  all  four  sides  on  which  to  turn  the  greens  mower  and  provide 
an  apron  for  the  green. 

As  each  mixture  was  placed  in  the  wooden  forms  it  was  settled  by  treading 
or  "footing"  until  firm.     Later  the  entire  green  was  watered  thoroughly  to  re- 
veal any  low  spots  and  the  surface  was  leveled  by  dragging  back  and  forth  along 
the  mixtures  but  not  across  them  so  as  to  avoid  mixing  the  top  layer. 

Establishing  the  Grass 

Five  strains  of  bentgrass,  Agrostis  palustris,  were  randomized  and 
planted  in  strips  perpendicular  to  the  soil  mixtures,  thus  providing  a 
checker  board  arrangement  of  grass-mixture  combinations.     The  green  was  di- 
vided in  half  and  ore  replication  of  each  variety  was  planted  on  both  sides 
of  the  green,  with  the  exception  of  Springfield  and  Carey.     The  varieties 
tested  were  Cohansey,  Penneross,  Seaside,  Springfield,  and  Carey.     The  first 
three  were  duplicated;  whereas,  only  one  strip  of  the  latter  iaro  were  planted 
due  to  a  limited  supply  of  stolons.    This  resulted  in  a  total  of  eight  strips 
of  grass  each  seven  and  a  half  feet  wide  and  90  feet  long. 

Hereafter,  the  term  "plot"  will  be  used  to  designate  each  3  x  7s  foot 
grass-mixture  combination  and  the  sand-soil-peat  mixtures  will  be  referred  to 
as  simply  "soil  mixtures". 

Penneross  and  Seaside  were  both  seeded  while  Cohansey,  Springfield,  and 
Carey  were  all  stolonized.    Due  to  a  delay  in  the  construction  of  the  green, 
the  grass  could  not  be  planted  until  the  week  of  April  27  -  May  U«     The  method 
of  stolonizing  was  a  slight  modification  of  the  standard  procedure  now  used  on 


11 


golf  greens*  A  steel  door  mat  was  used  to  hold  the  stolons  while  the  top 
dressing  corresponding  to  the  soil  mixture  was  applied  to  each  individual 
plot. 

Maintenance  of  the  Jreen 

All  of  the  maintenance  practices  of  mowing,  watering,  fertilizing,  and 
spraying  were  conducted  as  nearly  as  possible  to  typical  golf  course  con- 
ditions.    The  grass  was  mowed  at  one  half  inch  starting  on  May  25  and  was 
gradually  lowered  to  one  fourth  inch  where  it  was  maintained  throughout  the 
remainder  of  the  summer.    Mowing  was  done  three  times  per  week  through  the 
month  of  June  and  was  increased  to  six  days  per  week  during  July  and  August. 

The  green  was  watered  daily  or  as  needed  with  a  sprinkler  supplemented 
by  hand  watering  and  syringing. 

Fertility  was  kept  at  a  high  level  by  applying  various  soluble  forms  and 
organic  types  of  fertilisers,  adding  trace  elements  occasionally,  amounting  to 
over  10  pounds  of  actual  nitrogen  per  1000  square  feet  by  the  end  of  the  growiig 
season. 

A  fungicide  control  program  was  followed  consisting  of  P.M.A.S.  and  Tersan 
75  applied  as  a  preventative  spray  every  10  to  lb  days.     Parogen  was  later  used 
instead  and  a  snow  mold  prevention  spray  of  Calo-clor  was  applied  before  the 
first  cold  period  in  the  fall •     Two  sprays  containing  Dieldrin  were  applied 
during  the  season  for  the  control  of  turf  insects. 

Crabgrass  Control 

A  severe  infestation  of  crabgrass  on  the  green  presented  a  serious  problem, 
especially  on  the  seeded  strips  of  grass  due  to  the  late  planting  and  warm 
temperatt^res  which  favored  crabgrass  germination  during  the  early  development 
of  the  bent grass. 
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On  June  21  and  June  30  a  spray  of  Disodinm  methyl  arsonate  was  applied  at 
the  lower  dosage  recommended  for  use  on  sensitive  grasses.     One  and  one-third 
pints  in  30  gallons  of  water  were  applied  each  time  to  the  5U0O  square  feet  of 
bentgrass  in  the  late  afternoon  when  temperatures  were  well  below  85°  F. 
Fairly  good  control  was  obtained  with  two  sprays  and  much  of  the  crabgrass  was 
completely  killed  but  1he  third  spray  was  withheld  due  to  rising  summer  temper- 
atures and  the  increasing  danger  of  injury  to  the  bentgrass  J  consequently,  crab- 
grass  continued  to  be  a  major  problem  throughout  the  growing  season. 

Technique  of  Evaluation 

Each  plot  ^as  visually  rated  at  weekly  intervals  throughout  the  aeason 
from  July  20,  after  the  grass  was  well  established,  until  rjrowth  ceased  in 
November.    Due  to  the  difficulty  in  establishing  the  turf  no  attempt  was  made 
to  compact  the  green  either  by  rolling  or  actual  foot  traffic.    All  observations 
were  based  on  the  performance  of  the  five  grass  varieties  -naintained  under  put- 
ting green  conditions  but  without  any  play  the  first  season.     The  most  import- 
ant consideration  was  the  establishment  of  grass  and  the  percent  coverage  obtain- 
ed, but  such  factors  as  density  of  turf,  invasion  of  other  grasses  such  as 
crabgrass,  and  puttinr  surface  quality  were  also  regarded.    Watson  (3M  used 
the  Invasion  of  crabprass  and  clover  as  an  index  to  the  quality  of  turf. 

A  rating  system  was  devised  on  the  basis  of  1  to  10  to  evaluate  these 
qualities,     ^lates  I  and  IT  represent  a  comparative  example  of  the  range  from 
1  to  10  used  in  rating  the  individual  plots* 

Root  Studies 

On  July  1  preliminary  steps  were  taken  to  observe  differences  in  the  root 
development  of  the  grass  on  each  mixture.     One  complete  strip  of  Cohansey, 


EXPLANATION  OF  PLATE  I 

A  representative  sample  of  five  plots  showing  the 
respective  values  assigned  to  each  in  the  evaluation 
scale  from  1  to  10. 
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PLATS  I 


EXPLANATION  OF  PLATE  II 

A  representative  sample  of  five  plots  showing  the 
respective  values  assigned  to  each  in  the  evaluation 
scale  from  1  to  10 • 


16 


PLATE  II 
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across  three  replications  of  soil  mixtures,  was  sampled  with  an  0.  J.  Noer 
soil  profile  sampler  and  the  roots  were  washed  on  a  1/8  inch  taesh  hail  screen 
but  revealed  no  measurabla  difference  in  length.     Very  little  difference  in 
density  was  evident  at  this  time  • 

Beard  (2)  reported  that  the  seasonal  growth  of  grasses  is  responsible  for 
a  shallower  root  system  on  bentgrass  in  the  summer  and  deeper  roots  in  the  fall 
and  spring.     Therefore,  more  extensive  studies  were  undertaken  at  the  end  of 
the  growing  season.    From  November  13  to  22,   soil  plugs  were  taken  by  means  of 
a  custom  built  profile  sampler  shown  in  Figure  2  of  Plate  III,  which  yielded  a 
block  of  soil  measuring  2x6  inches  and  9k  inches  deep.    A  sample  was  taken 
from  each  plot  in  a  densely  covered  area  to  minimize  the  error  which  would  have 
been  involved  had  the  plots  been  plugged  at  random  resulting  in  occasional 
plugs  coining  from  completely  bare  spots  or  in  crabgrass  infested  areas.    All 
plots  were  sampled  except  those  of  the  variety  Carey  which  suffered  consider- 
able damage  in  August  from  disease,  leaving  some  plots  completely  void  of  bent- 
grass  • 

Each  plug  was  placed  on  an  8  x  12  inch  piece  of  1/8  inch  hail  screen  and, 
after  reasuring  root  depth  and  thickness  of  thatch,  was  carefully  washed  with 
a  fine  spray  of  water,  as  shown  in  Figure  1  of  Plate  III.     By  soaking  the  root 
systems  overnight  all  of  the  soil  particles  adhering  after  the  first  washing 
could  be  completely  removed;  however,  the  peat  incorporated  into  the  mixture 
could  not  be  separated  from  the  roots  without  causing  considerable  damage  and 
consequently  a  reduction  in  yisld.     The  contamination  of  root  systems  with  peat 
and  sawdust  used  in  top  dressing  was  also  observed  by  BrPk  (**)• 

Therefore,  it  was  necessary  to  devise  another  means  of  evaluating  the 
quantity  of  roots  from  each  treatment.     After  completing  the  sampling  and 
washing  operation,  the  root  systems  were  spread  out  carefully  to  dry  on  paper 


EXPLANATION  OF  PLATE  in 


Fig.  1*    Washing  sand  and  soil  from  the  root  systems  of 
bent  grass  by  means  of  a  fine  spray  of  water. 

Fig.  2.  Profile  soil  sampler  and  sample  of  soil  showing 
the  design  of  the  sampler  and  the  relative  size 
of  the  soil  plug  taken. 


r^.i,  1,. 


IS 


!.'  33S!J:!i!::::::s3si 


rtfSsj;;:  =  •■• 


Fig.  1 


Fig.  2 


20 


towels  in  the  greenhouse.  Based  on  the  density  or  the  mass  of  roots,  especial- 
ly in  the  upper  six  to  eight  inches  of  the  root  zone,  a  n  ting  system  was  es- 
tablished from  1  to  10  from  which  to  score  each  individual  root  sample.  This 
inclusive  rating  scale  included  the  poorest  or  thinnest  root  development  and 
also  the  most  dense  root  system  out  of  the  210  samples  taken,  with  graduations 
in  between  to  represent  various  degrees  of  density.  Plate  IV  illustrates  the 
arrangement  of  the  root  systems  comprising  the  rating  scale  and  the  relative 
appearance  of  the  root  systems  after  washing  and  air  drying. 

Laboratory  Procedure 

Although  the  contents  of  the  mixtures  were  carefully  measured  during  the 
construction  of  the  green,  a  test  was  conducted  in  the  laboratory  to  determine 
the  percentages  of  sand,   silt  and  clay  which  were  actually  contained  in  the 
mixtures.     This  consisted  of  a  mechanical  analysis  by  the  Bcuyoucous  hydrometer 
method  (3)  of  a  random  composite  sample  from  each  of  the  30  soil  strips.    Hew- 
ever,  the  results  obtained  are  reported  on  a  weight  basisj  whereas,  the  con- 
stituents were  each  measured  by  volume. 

It  appears  to  be  a  common  practice  to  express  the  amounts  of  sand,   silt 
and  clay  in  the  topsoil  on  a  weight  basis  as  determined  by  the  Bouyoucous  hy- 
drometer method  or  the  pipette  and  sieve  procedure.    Recomcjendations  for  the 
amounts  of  sand,   soil,  and  organic  matter  to  be  included  in  a  treen  are,  how- 
ever, nearly  always  given  in  volume  quantities.     Therefore,  it  becomes  neces- 
sary to  correlate  the  two  units  of  measurement  if  they  are  ever  to  be  used 
together  in  calculating  and  formulating  various  mixtures,  or  if  one  method  of 
measurement  is  to  be  used  in  the  mixing  process  and  the  other  used  to  analyze 
the  contents  of  the  end  product. 

Samples  approximating  each  mixture  were  carefully  mixed  in  the  laboratory 
usin;  the  same  volume  percentages  of  sand,   soil  and  peat  as  were  used  in  the 


EXPLANATION  CF  PLATE  IV 


The  arrangement  of  the  root  samples  comprising  the 
rating  scale  from  1  to  10  and  the  relative  density,  dis« 
tribution  and  development  of  each. 


PLATE  IV 
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construction  of  the  green.    Bulk  densities  were  determined  for  the  two  grades 
of  sand  and  the  topsoil  in  a  loose  condition  approaching  that  prior  to  the 
mixing  procedure  used  previously  in  the  field. 

The  volume  proportions  of  sand  and  soil  were  then  measured  by  weight  on  an 
oven  dry  basis  to  insure  accurate  measurement  of  the  percentages  of  each  in- 
gredient.    The  quantity  of  peat  moss  used  in  each  mixture  was  measured  by  weight 
also,  based  on  the  bulk  density  of  the  peat  in  the  bale. 

Half  of  the  samples  were  mixed  including  the  peat  moss  and  the  other  half 
were  mixed  omitting  the  peat  moss  to  determine  the  effects  of  this  organic 
material  on  the  results  of  a  mechanical  analysis  of  the  mixtures. 

A  mechanical  analysis  was  conducted  on  each  sample  and  correlations  were 
Bade  with  results  from  previous  mechanical  analyses  of  random  samples  taken 
from  the  green  in  an  effort  to  verify  the  actual  percentages  of  sand,  silt  and 
clay  in  the  soil  strips  mixed  in  the  field. 

An  analysis  of  variance  was  conducted  on  all  data  to  determine  if  any 
significant  differences  exist  among  replications,  grass  variety  performance, 
density  of  root  systems,  soil  mixtures,  and  dates  throughout  the  growing 
season  and  for  the  purpose  of  making  specific  comparisons  within  varieties, 
mixtures  and  on  certain  dates  durin;    the  summer. 

Where  the  F  test  in  the  analysis  indicated  significant  differences  among 
treatments  L.S.D.'s  were  calculated  at  the  .0$  level  to  detect  the  individual 
differences  between  means. 

RESULTS 

Visual  Ratings  of  flots 

The  design  of  the  experiment  is  illustrated  in  Table  3,  showing  the 
replications  of  mixtures  and  grasses,  and  the  totals  of  1U  ratings  taken  from 
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July  20  to  Mover.iber  2  at  weekly  intervals,  with  the  exce.-iiion  of  September  1  to 
15  when  only  one  reading  was  taken. 

The  means  (x)  of  the  grass  varieties  occur  at  the  bottom  of  Table  3  and  are 
shjwn  in  Table  h  along  with  the  method  by  which  the  grasses  were  propagated. 
The  statistical  analysis  of  the  data  obtained  from  rating  the  performance  of 
the  grass  on  each  plot  revealed  no  significant  difference  between  replications. 
With  the  exception  of  Carey,  which  suffered  considerable  damage  from  disease 
through  the  month  of  August,  all  stolonized  grasses  were  significantly  superior 
in  their  performance  over  the  seeded  varieties.    No  significant  differences  ex- 
isted among  the  two  replications  of  Cohansey  and  Springfield  but  of  the  seeded 
grasses,  both  replications  of  Penncross  rated  significantly  better  than  those  of 
Seaside,  using  the  L.S.D.  •  .53  for  the  latter  comparison. 

Table  h*    Array  of  means  of  grass  variety  performance. 


Variety  of  Grass  Mean  Method  of  Propagation 


Cohansey  8 .11  Stolonized 

Springfield  7 .90  Stolonized 

Cohansey  7 .85  Stolonized 

Carey  5  .57  Stolonized 

Penncross  5  »53  Seeded 

Penncross  5*06  Seeded 

Seaside  U.55  Seeded 

Seaside  h»hh  !••<■< 


■ 


L»s»Q.   »  .76  for  comparing  varieties 

L.S.D.  ■  .53  for  comparing  means  of  both  replications  of  Penncross  and 
Seaside 


In  an  attempt  to  observe  trends  in  the  performance  of  the  grass  during  the 
season,  the  means  for  all  plots  were  calculated  for  each  variety  on  the  dates 
that  observations  were  made.  These  figures  are  shown  in  Table  5»  with  an 
L.S.D.  of  .38  for  making  comparisons  between  grasses  on  certain  dates. 
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Table  5.*    Table  of  means  for  comparing  varieties  within  various  dates. 
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July  20 
July  28 
Aug.  U 
Aug.  11 
Aug.  18 
Aug.  25 
Sept 
Sept 
Sept 
Sept 
Oct. 
Oct. 
Oct.  21* 
Nov.  2 


1 

15 

23 

i  29 

6 

1U 


8.93 

8.U7 

8.3 

6.93 

7.17 

7.83 

8.07 

7.80 

8.27 

8.U7 

8.30 

8.23 

8.37 

8.53 


8.93 
8.50 

7.37 
5.60 

5.13 
U.30 
U-37 
3.60 

U.07 
U.53 
5.00 
5.03 
5.70 
5.80 


5.73 
5.87 
3.93 
3.70 
U.20 
U.07 
3.90 

3.33 
3.63 
3.97 
U.U7 
U.87 
5.13 
5.33 


6.U7 

6.30 

U.83 

U.33 

U.67 

U.73 

U-U7 

3.90 

U.50 

U.73 

5.13 

5.30 

5.50 

5.97 


6.20 
6.03 
U.20 

}.ec 

u.13 
u.07 
u.17 
3.50 

U.07 
U.23 
U.73 
U.U7 
U.70 
5.33 


9.30 
8.07 
7.U0 
6.77 
7.07 
7.93 
7.83 
7.U3 
7.97 
8.23 
8.10 
7. 80 
8.17 
8.50 


6.83 
6.77 
5.37 

U.50 

5-27 

5.30 
5.30 
U.U3 
i>.07 
5.U0 
5.80 

5.U7 
5.80 

6.07 


8.U3 
,  .  V 
7.63 
7.23 
7.17 
8.17 
7.87 
7.50 
7.87 
8.20 
t.OC 
7.77 
8.17 
8.03 


*L.S.D.  -  .38  for  comparing  varieties  on  a  certain  date  or  for  comparing 
any  one  variety  on  various  dates. 

Plate  V  illustrates  these  trends  in  growth.    With  the  exception  of  Carey 
the  varieties  conformed  to  a  uniform  pattern  of  {/rowth  with  slight  fluctuations 
between  weeks  being  closely  correlated  with  maintenance  practices. 

A  revision  was  made  in  the  rating  scale  on  Au.ust  U  to  provide  a  more 
strict  system  by  which  to  evaluate  the  plotsj  consequently,  the  values  for  all 
plots  were  lowered  which  explains  part  of  the  decrease  in  the  curve  from  July 
28  to  August  U  and  the  apparent  overall  decrease  in  quality  from  July  20  to  the 
end  of  the  season.    However  the  revised  scale  only  affected  the  seasonal  curve 
and  did  not  alter  the  relationship  between  grasses  on  any  one  date  as  can  be 
seen  from  the  graph.     A  more  reasonable  evaluation  of  the  improvement  in  qual- 
ity of  turf  can  be  seen  from  August  11  to  November  2.     The  decrease  in  the  per- 
formance from  July  20  to  August  11  was  attributed  to  a  combination  of  the  re- 
vision in  the  rating  scale  plus  chemical  injury  from  spot  spraying  with  Methar  30 


EXPLANATION  OF  PUTS  V 

A  graphic  representation  of  the  figures  in  Table  5 
illustrating  trends  in  the  performance  of  grass  varieties 
between  dates  throughout  the  season. 
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on  July  22  and  i'aigust  2  for  the  control  of  crabgrass.    Descending  fluctuations 
on  September  15  and  October  Hi  were  correlated  with  possible  injury  due  to  un- 
favorable temperatures  and  possibly  to  the  application  of  highly  soluble  ferti- 
lizers and  fungicides. 

Although  some  of  the  mixtures  definitely  supported  a  higher  quality  turf, 
the  F  test  in  the  analysis  of  variance  revealed  no  significant  differences  be- 
tween mixtures  during  this  first  growing  season.    The  significant  differences 
between  mixtures  on  certain  dates,  as  is  shown  in  Table  6,  were  evidently 
masked  at  the  end  of  the  season  by  the  variation  between  dates. 

Table  6.*    Table  of  means  for  comparing  mixtures  on  various  dates. 


Number  of  Mixture 


Date 


6  7  8  9         10 


July  20        7.88      7.U2      7.63      7.67      8.0U      7-76      7.21  8.29  7.0U  7.21 

July  28        7.U2      7-25      6.96      7-29      7-U2      7-29      6.88  7-83  7-06  6.92 

Aug.U         6.0U     6.17      5.88      6.25      6.17      6.38      5.62  6.75  5.71  6.12 

Aug.  11       5.25      5.96     5.29      5.71      5.08      5-67      U.79  5-67  U.67  5.50 

£1.18       5.75      5.79     5.25      5.79      5-5U      6.00     5.08  6.17  U-92  5.71 

Aug.  25       6.0U     5.96     5.5U     5.96      5-58      6.00     5-33  6.U2  U.88  6.29 

Sept.  1       6.08      5.75      5.50     5.83     5.58      6.00     5.0U  6.5U  U.79  6.33 

Sept.  15     5.62     5.U6     5.12     5.U6     5.00     5.21     U.U2  5.83  U.12  5.62 

Sept.  23      6.CU      5.96      5.5U      5.88      5.U2      5-79      U.62  6.62  U.62  6.29 

Seot.  29      6.00      6.0U      5.92      6.29      5.92      6.08      5.08  6.71  5.08  6.58 

Oct.  6         6.15      6.50      6.08      6.U6      6.0U      6.08      5-38  6.88  5-5U  6.U2 

Oct.  1U       6.U6     6.I46      6.0U      6.29      5.88     6.21     5.38  6.67  5-U2  6.38 

Oct.  2U        6.62      6.75      6.50      6.71      6.29      6.5U      5.71  6.33  5-71  6.75 

Wot.  2          6.79      7.00      6.5U      7.0U      6.5U      6.62      6.12  7»U2  5.96  6.92 

x  of  Mixes  6.32      6.32      5.93      6.33      6.0U      6.25      5.U6  .    6.75  5.U0  6.36 

*L.S.D.  ■  .U7  for  comparing  mixtures  on  some  date  or  comparing  a  given 
mixture  over  all  dates. 
L.S.D.  •  .78  for  comparing  means  of  the  mixtures. 

Comparisons  between  mixtures  on  the  same  date  may  be  made  with  the  fig- 
ures in  Table  6  using  the  L.S.D.  of  .U7  for  determining  significance.  For 
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instance,  considering  each  date  separately,  the  number  8  mixture,  90  percent 
Kaw  blow  sand,  was  rated  superior  to  the  other  mixtures  every  week  with  the 
exception  of  August  11,  and  was  significantly  better  than  most  of  the  mixtures, 
especially  the  Blue  mason  mixes,  as  can  be  seen  in  Table  7« 

Table  7.    Mixtures  which  number  8  was  significantly  better  than. 


Date  Mixture  number  8  was  significantly  better  thant 


July  20  2,3,U,6,7,9,  and  10 

July  28  2,3,U,6,7,9,  and  10 

Aug.  h  1,2,3,1;,5,7,9,  and  10 

Aug.  n  5,7,  and  9   (number  2  was  significantly  better 

than  numbers  1,3*5,7,  and  9) 

Aug.  18  3,5,7,  and  9 

Aug.  25  3,5,7,  and  9 

Sept.  1  2,3,U,5,6,7,  and  9 

Sept.  15  '  3,5,6,7,  and  9 

Sept.  23  1,2,3,^,5,6,7,   and  9 

Sept.  29  1,2,3,5,6,7,  and  9 

Oct.  6  3,5,6,7,  and  9 

Oct.  Hi  3,5,6,7,9,  and  10 

Oct.  2U  5,7,  and  9 

Nov.  2  1,3,5,6,7,9,  and  10 


A  complete  summary  of  the  neans  of  all  observations  taken  on  the  plots  oc- 
curs in  Table  8.    Each  mean  is  based  on  data  taken  from  Hi  observations  of 
three  replications  of  each  mixture  or  a  total  of  U2  ratings.    Using  an  L.S.D. 
of  1.1U,  comparisons  may  be  made  between  grass  varieties  on  the  same  mixture  or 
between  mixtures  on  which  any  one  grass  was  growing. 

Cohansey,  in  both  replications,  was  rated  highest  on  mixture  number  2, 
75  percent  Kaw  blow  sand,  both  replications  of  Seaside  grew  best  on  number 
10,  100  percent  Kaw  blow  sand,  and  both  Penncross  strips  performed  best  on 
number  8,  90  percent  Kaw  blow  sand.    Carey  ranked  highest  on  number  U,  65  per- 
cent Kaw  blow  sand,  while  Springfield  resembled  Seaside  in  that  it  thrived 
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best  on  ICO    ..rcent  Kaw  blow  sand.     Table  9  presents  the  first  and  second  best 
mixtures  for  each  variety  of  grass,  along  with  the  mixtures  that  these  first 
two  choices  were  significantly  better  than.     The  underlined  numbers  in  the 
table  indicate  the  second  best  mixture  was  also  significantly  better. 

Table  8.*    aieans  of  gTMfl  varieties  on  soil  mixtures. 


Number  of  Mixture 

riftj  of  Grass 

1 

2 

b 

5 

6 

7 

8 

9 

10 

Cohansey 

8.62 

8.79 

7.76 

8.57 

8. 1U 

8.60 

6.79 

'6.$$ 

... 

8.38 

Carey 

5*95 

5.81 

5.79 

6.79 

a  .61* 

6.19 

U.6U 

6.1*5 

h-36 

5.05 

Seaside 

3.95 

1*.05 

U.26 

1*.19 

1*.7U 

i*.93 

3.86 

5.21* 

3.88 

5.29 

Penncross 

U.79 

5.10 

5.00 

U.83 

5.12 

U.62 

U.55 

5.91 

k.95 

5.71* 

Seaside 

U.86 

li.33 

U.21 

U.19 

U.6U 

U.55 

3.71 

5.1*1 

3.86 

5.69 

Springfield 

6.1*5 

8.19 

7.33 

8.U4 

.10 

7.U8 

7.57 

8.21* 

7.00 

Penncross 

5.1*8 

5.U5 

5.15 

$& 

5.60 

5.86 

5.1*5 

6.31 

l*.7l* 

5.38 

Cohansey 

8.50 

8.83 

8.07 

8.38 

7.31 

7.81 

7.2U 

7.98 

7.50 

6.88 

*L.S.D.  a  l.ll*,  underlined  numbers  are  largest  means. 


Table  9.     Significantly  better  mixtures  for  each  variety  of  grass. 


Variety  of 

atin    el 

Mixture  s 

Grass 

1st 

%  Sand 

2nd 

%  Sand 

Significantly  better  than  * 

Cohansey 

2 

75KB 

1 

75BM 

7  and  S 

Carey 

1* 

65KB 

8 

90KB 

5,  7,  9,  and  10 

Seaside 

10 

100KB 

8 

90KB 

1,  2,  7,  and  9 

Penncross 

8 

90KB 

10 

100KB 

6  and  7 

Seaside 

10 

100KB 

8 

9QKB 

2,  3,  ill  6,  7,  and  9 

Springfield 

10 

100KB 

1 

75BM 

3  and  9 

Penncross 

8 

90KB 

6 

85KB 

9 

Cohansey 

2 

75KB 

1 

75  BU 

5,  7,  9,  and  10 

■"■The  underlined  numbers  indicate  the  2nd  best  mixture  is  also 
significantly  better. 
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Of  the  eight  strips  of  grail,  five  of  them  shewed  the  highest  or  second 
highest  rating  on  the  number  8  mixture,  90  percent  Kaw  blow  sand,  and  Spring- 
field was  rated  third  best  on  number  8,  which  is  in  close  agreement  with  the 
figures  in  Table  6  where  number  8  was  rated  highest  among  the  mixtures  13  out 
of  lli  dates. 

With  the  exception  of  Carey,  which  grew  most  favorably  on  65  percent  Kaw 
blow  sand  and  Cohansey  which  performed  best  on  75  percent  Kaw  blow,  all  of  the 
grasses  were  rated  highest  on  90  percent  and  100  percent  Kaw  blow  sand.    The 
second  mixtures  rated  second  best  ranged  from  75  percent  to  ICO  percent  in- 
cluding both  sands.     The  number  1  mix,  75  percent  Blue  mason  sand,  was  among 
the  second  choices  three  times.     The  most  undesirable  mixtures  and  the  ones 
most  often  rated  poorest  significantly  were  numbers  7  and  9,  90  and  100  percent 
Blue  mason  sand  respectively. 

Root  Studies 

Tablt  1C      -         Lutes  a  summary  of  the  means  of  the  ratings  of  the  roots 
in  samples  taken  from  each  plot  on  the  green. 

Table  10.*    Means  of  root  development  based  on  a  scale  from  1  to  10. 


Variety  of 

Mixture 

Variety 

Grass 

V     1 

75KB 

:.■  I 

.  Kl 

85  Bl( 

B5IB 

>0  -- 

90KB 

lOOIfcj 

lOOKii 

X 

Cohansey 

6.0 

5.7 

6.7 

6.0 

6.3 

5.7 

6.3 

6.7 

8.3 

9.0 

6.67 

Seaside 

6.3 

6.3 

6.7 

6.0 

7.0 

6.7 

6.7 

7.3 

8.3 

9.7 

7.10 

Penncross 

7.0 

6.3 

6.7 

6.0 

7.7 

7.3 

8.0 

8.3 

9.7 

10.0 

7.70 

Seaside 

7.0 

6.3 

5.7 

6.3 

7.7 

6.7 

7.0 

8.0 

8.7 

9.7 

7O0 

Springfield 

6.3 

5.3 

6.0 

5.3 

8.3 

• 

7.3 

7.0 

9.0 

9-3 

6.93 

Penncross 

6.7 

.? 

6.7 

6.0 

8.0 

6.3 

7.0 

8.3 

8.0 

10.0 

7.37 

Cohansey 

5.3 
s  6.U 

7-3 

6.7 

6.3 

7.0 

6.0 

6.7 

6.3 

7.0 

8.0 

6.67 

x  of  Mixture 

6.3 

6.U 

6.0 

7.U 

6.3 

7.C 

... 

3.U 

9.4 

*Tbs  L.S.D.  values  are  not  all  the  same  for  each  comparison  due  to  the 
variation  in  the  number  of  replications.     They  are  as  follows* 
L.S.D.  ■  .81*  for  comparing  mixture  means  at  bottom  of  table. 
L.S.D.  «  .39  for  comparing  variety  means,  Cohansey  vs.  Penncross. 
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L.S.D.  ■  .39  for  comparing  variety  means,  Cohansey  vs.  Seaside. 

L.S.D.  ■  .39  for  comparing  variety  means,  flermcross  vs.  Seaside. 

L.S.D.  •  .I48  for  comparing  variety  means,  Cohansey  vs.  Springfield. 

L.S.D.  »  .U8  for  comparing  variety  means,   ^enncross  vs.  Springfield. 

L.SJ3.  ■  ,1x8  for  comparing  variety  means,  Seaside  vs.  Springfield. 

L.S.D.  ■  1.2  for  comparing  grasses  and  mixtures  within  the  table. 

L.S.D.  •  .7     for  comparing  both  reps  of  Penncross  vs.  Cohansey. 

L.SJ).  ■  .7     for  comparing  both  reps  of  Penncross  vs.  Seaside. 

L.S.D.  «  .7     for  comparing  both  reps  of  Cohansey  vs.  Seaside. 

Each  mean  is  based  on  three  plugs,  one  from  each  of  the  three  replications 
of  mixtures,  usinr  the  rating  scale  from  1  to  10,  as  is  illustrated  in  Plate 
III,  to  -rade  the  density  and  distribution  of  roots  in  the  9k  inches  of  soil 
sampled.     The  word  "development"  is  used  to  describe  these  characteristics  of 
roots  such  as  density,  distribution,  extensiveness  of  development,  and  other 
qualities  which  are  thought  to  comprise  a  well  formed  root  system.    Hoot 
length  was  not  considered  in  the  rating  system  because  it  was  measured  at  the 
time  of  plugging  and  is  presented  in  a  separate  table. 

There  were  no  significant  differences  between  replications,  but  there 
existed  a  small  degree  of  significance  between  r;rass  varieties  and  large  si  - 
nificant  differences  were  apparent  between  mixtures.     Significant  differences 
between  mixtures  are  arranged  in  Table  11. 

Table  11.     Significant  differences  of  roots  among  mixtures. 


tiixture  Significant  over  mixtures  J 


100KB  All  others 

100BM  All  exceut  100KB 

85UI  and  90KB  65BM,  65KB,  75BM,  75KB,  and  85KB 

90BM  65KB 

No  significant  differences  between  65  BM,  65KB,  75BM,  75KB,  and  85KB 


In  comparing  varieties,  it  can  be  seen  from  the  variety  x  in  Table  10 
that  the  stolonized  varieties,  both  replications  of  Cohansey  and  the  strip  of 
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Springfield,  ranked  significantly  below  both  replications  cf  Seaside  and  Penn- 
cross  which  were  seeded.  However,  there  was  no  significant  difference  between 
Seaside  and  Penncross  or  between  Cohansey  and  Springfield.  There  is  a  general 
trend  toward  a  more  extensively  develooed  root  system  as  the  sand  content  of  the 
mixtures  increases,  with  100  percent  Kaw  blow  rated  first  and  100  percent  Blue 
mason  considered  second  best. 

For  ease  of  comparison,  these  figures  have  been  graphed  in  Plate  VI  to 
show  how  the  development  of  roots  varied  with  Percentages  of  sand  and  grades 
of  sand.     The  two  replications  of  Penncross,  Cohansey  and  Seaside  have  both 
been  combined  to  present  the  average  of  the  two. 

Development  of  roots  grown  on  mixtures  containing  Blue  mason  sand  is  il- 
lustrated in  Figure  1  of  Plate  VI  and  root  development  of  roots  on  Kaw  blow 
sand  mixtures  is  charted  in  Figure  2.     These  results  are   separated  to  indi- 
cate the  similarity  .  hich  existed  between  grass  grown  on  the  same   percent  and 
kind  of  sand  and  to  illustrate  the  differences  between  growth  of  roots  on 
different  percentages  and  sizes  of  particles  or  grades  of  sand. 

^ith  the  exception  of  Cohansey,  all  grasses  growing  on  mason  sand  in- 
dicated a  trend  toward  a  more  extensively  developed  root  system  as  the  per- 
centage of  sand  increased,  except  in  the  90  percent  mason  sand  mixture  wherein 
all  varieties  showed  a  downward  fluctuation  in  root  growth.    Cohansey  growing 
on  blow  sand  mixtures  exhibited  its  poorest  root  development  in  the  85  percent 
range.    All  of  the  other  grasses  showed  increasing  root  development  with  in- 
creasing amounts  of  sand  excepting  Springfield  which  had  no  increase  in  root 
development  on  65  to  85  percent  sand  but  showed  a  marked  increase  on  85  to 
100  percent  sand  mixtures. 

The  seeded  grasses  usually  contained  a  more  extensively  developed  root 
system  than  did  the  stolonized  grasses,  but  the  trends  in  growth  on  the  various 


EXPLANATION  OF  PLATE  VI 


Fig.  1.     A  graphic  representation  of  the  means  of 
root  development  in  varying  percentages 
of  Blue  mason  sand. 

Fig.  2.    A  graphic  representation  of  the  means  of 

root  development  in  varying  percentages  of 
Kaw  blow  sand. 
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mixtures  were  quite  close  among  varieties. 

Among  varieties,  the  means  of  root  growth  on  all  mixtures  indicate  supe- 
rior overall  growth  on  Penncross,  followed  closely  by  Seaside,  with  Springfield 
and  Cohansey  next  in  that  order. 

The  totals  of  the  means  of  all  varieties,  expressed  in  Plate  VII  illus- 
trate the  increasing  root  development  in  Kaw  blow  sand  as  the  percent  of  sand 
increases  from  65  to  100  percent,  however,   it  is  inferior  to  the  development 
of  roots  in  65  to  85  percent  Blue  mason  sand.    Roots  in  the  blow  sand  mixture 
surpassed  those  in  mason  sand  at  the  90  percent  level  where  root  growth  de- 
creased.    The  best  root  systems,  based  on  these  standards  of  evaluation,  were 
observed  in  pure  mason  and  pure  blow  sand,  the  latter  being  superior. 

A  representative  sample  from  the  210  plugs  taken  is  shown  in  Plate  VIII 
to  illustrate  the  relative  comparison  of  root  rrowth  found  in  varying  amounts 
of  sand  and  in  the  two  grades  of  sand.     The  odd  numbers  represent  the  roots 
growing  in  mason  sand  mixtures  of  75#  65,  85,  90,  and  100  percent  sand  re- 
spectively and  the  even  numbers  represent  root  systems  of  grass  grown  on  blow 
sand  mixtures  of  the  same  percentages.     The  reason  for  75  percent  coming  be- 
fore 65  percent  in  the  numbering  of  the  mixtures  is  because  previous  recom- 
mendations centered  around  75  percent  sandj  therefore,  this  percentage  was 
selected  as  a  standard  or  model  by  which  to  compare  others  and  was  given  the 
number  1.     Varying  percentages  from  65  percent  to  100  percent  were  then  num- 
bered consecutively  as  appears  in  all  tables  and  graphs  which  refer  to  the 
mixes  by  number. 

The  root  systems  in  Plate  VIII  were  photographed  shortly  after  being 
washed  and  before  the  statistical  analysis  was  conducted.     The  representative 
samples  were  therefore  based  on  incomplete  figures  and  two  corrections  should 


EXPLANATION  OF  PLATE  VII 

A  graphic  representation  of  the  totals  of  the  means 
of  root  development  of  all  varieties  of  grass  in  varying 
percentages  of  Blue  mason  and  Kaw  blow  sand. 
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KPLAWATION  CF  PLATE  VIII 

A  representative  sample  of  root  systems  taken  from 
the  plots  of  bentgraae*    Numbers  1,  3,  5,  7  and  9  ro present 
root  development  in  the  Blue  mason  mixtures  of  75,  65,  85, 
90  and  100  percent  sand  respectively,    Numbers  2,  u,  6,  8 
and  10  represent  root  development  In  Kan  blow  mixtures  of 
75,  65,  85,  90  and  ICO  percent  sand  respectively. 
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be  brought  to  view  concerning  the  appearance  of  the  root  systems  photographed. 

Hie  root  systems  shown  in  the  picture  are  indicative  of  the  average  de- 
velopment of  the  roots  of  all  grass  varieties  growing  on  the  ten  soil  mixtures. 
However,  number  3  appears  to  be  superior  to  number  1  in  the  density  of  roots 
in  the  upper  root  zones,  but  according  to  the  data  in  Table  9  and  the  graph  in 
Plate  VII  these  two  were  comparatively  the  same.     Also  numbers  2  and  6  should 
be  identical  in  the  photograph  but  number  6  appears  to  be  more  dense  in  the 
picture. 

Despite  these  two  discrepancies  in  the  photograph,  it  is  evident  that 
generally  the  root  systems  became  more  extensively  developed  in  the  higher 
sand  content  mixes  with  the  most  fibrous  system  of  roots  in  100  percent  blow 
sand,  followed  by  the  roots  in  100  perdent  mason  sand. 

Number  8,  90  percent  blow  sand,  proved  to  be  superior  to  90  percent  mason 
sand  for  the  development  of  roots,  but  85  percent  mason  sand  exceeded  85  per- 
cent blow  sand  in  its  production  of  roots,  as  is  illustrated  in  Plate  VII. 

It  will  be  well  to  note  that  the  plots  exhibiting  superior  top  growth 
did  not  necessarily  contain  the  best  developed  root  systems.     The  visual  rat- 
ings of  the  plots  were  based  on  a  number  of  characteristics,  among  which 
coverage  was  the  most  important.     However,   the  root  systems  were  extracted  and 
examined  from  a  well  covered  area  so  the  data  from  the  root  development 
studies  should  be  considered  as  being  based  on  root  systems  of  equally  well 
established  turf. 

Nevertheless,  the  plots  which  produced  a  more  vigorous  ^rass  with  more 
top  growth,  as  on  the  heavier  soil  mixes,  did  not  show  the  extensive  root 
development  that  occurred  in  the  sandier  mixtures.     Therefore,  it  seems  that 
root  development  was  closely  correlated  with  the  larger  pore  spaces  and  better 
aeration  of  the  sandy  mixtures}  whereas,  the  amount  of  top  growth  depended  for 
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the  most  part  upon  fertility  and 

moisture  conditions  of  mixtures  containing 

higher  percentages  of  soil  and  peat,  in  which  extensive  root  development  was 

not  necessary  for  the  uptake  of  nutrients  and  mosture  as  was  the  case 

of 

grass  growing  on  sandy  mixtures. 

Hoot  Depth 

Root  depth  was 

measured  at 

the  time  of  sampling  to  determine  any  dif- 

ferences  which  might 

exist  between  varieties  or  between  roots  in  various 

mixtures. 

The  table 

of  means  of  the  root  depth  in  centimeters  is  shown  in 

Table  12, 

Table  12.* 

Table  of 

means  of  root  depth  of  grasses  on  mixtures. 

Variety  of  Grass 

^-* 

^~N 

H 

^-v 

*~*                                      *"*»                                       rr*                                           *~* 

r>- 

-^3 

*-* 

K 

00                                            H                        2 

k 

No.  of 

8 

J2, 

1 

*4 

O                                3                              "H  ""■»                          O 

U                    "6                     mu>                  u 

I 

Mixture 

I 

1                   I                   I                      1 

1 

£ 

$>                     :                      pJ 

0 

1 

22.67 

22.67 

21.67          22.00          2ii.00          25.00 

2U.33 

2 

20.67 

21.67 

22.67           23.33          23.00          25.67 

25 .00 

3. 

22.33 

22.00 

22.00          23.67           2U.00          2l|.33 

2U.33 

( 

20.33 

22.67 

20.33          23.67           2U.67           26.00 

2U-67 

5 

20.67 

21.33 

22.00          20.33          25.00          25.67 

23.67 

6 

21.00 

22.33 

21.33          21.00          21*. 33          2U.33 

22.67 

7 

20.00 

21.00 

21.67           20.33          25.00          23.00 

23.00 

8 

19.33 

23.67 

22.33          20.67           2U.33           23.33 

23.67 

9 

20.67 

25.33 

22.33          25.00          224.33          25.00 

22.00 

10 

19.33 

25.33 

23.33          2ii.67           23.67           25.00 

'4.33 

*L.S.I 

j.  -  2.61 

for  comparing  grass  varieties  on  any  one  mixture 

or  for 

comparing  one  gra 

ss  on  any  of  the  various  mixtures. 

u. 


An  analysis  of  variance  showed  no  significant  differences  between  repli- 
cations or  between  mixtures,  but  indicted  soiue  degree  of  significance  between 
grass  varieties.     Table  13  shows  the  array  of  means  among  varieties. 

Table  13.*    Array  of  means  of  root  depth  of  grasses  on  mixtures. 


Variety  of  Grass  Average  Depth  of  Root  System  on  all  fixtures 


Penncross  (6)  2U.73  centimeters 

Springfield  (5)  2i;.23  centimeters 

Cohansey  (7)  23.77  centimeters 

Seaside  (2)              .  22.80  centimeters 

Seaside  (h)  22.1*7  centimeters 

Penncross  (3)  21.97  centimeters 

Cohansey  (1)  20.70  centimeters 


*L.S.D.  -  1.56 


Mechanical  Analysis 


A  comparison  of  the  results  of  the  mechanical  analyses  of  the  soil  mix- 
tures are  shown  in  Table  Hi.  The  calculated  figures  in  the  first  column  were 
computed  from  the  mechanical  analyses  of  the  two  sands  and  the  topsoil  and  the 
oven  dry  weight  of  the  peat  used  in  the  laboratory  sample.  These  calculations 
were  used  to  estimate  the  percentages  of  sand,  silt,  clay  and  peat  which  could 
be  expected  in  the  sample*  The  mechanical  analysis  was  conducted  to  show  the 
actual  percentages  as  determined  by  the  Bouyoucos  hydrometer  method.  (3)  The 
amount  of  peat  moss,  however,  is  not  measured  by  this  method  and,  therefore, 
the  weight  of  peat  moss  shown  in  the  calculations  is  distributed  among  the 
other  fractions  of  sand,  silt  and  clay. 

The  bulk  density  of  the  tno  sands  and  the  topsoil  used  in  the  laboratory 
mixtures  are  as  follows:  Kaw  blow  sand,  1.68  g/cm3,  KLue  mason  sand,  1.7U 
g/cm3  and  topsoil,  .86  g/cm3. 
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The  percent  by  volume  of  soil  used  in  mixing  each  laboratory  sample  was 
converted  to  percent  by  weight  of  the  whole  sample  and  appears  in  lable  15 
showing  the  correlation  between  volume  and  wei  ht  proportions,  based  on  oven 
dry  soil  with  a  bulk  density  of  .86  g/cm3.  This  correlation  varies  with  the 
bulk  density  of  the  soil  and  these  figures  are  only  given  here  to  illustrate 
the  percentages  of  soil  by  weight  and  by  volume  used  in  the  laboratory  mixed 
samples* 

Table  15.*    Volume  and  weight  proportions  of  topsoil  in  mixtures. 


Mixture 

Sand 

-    Soil 

- 

Peat 

KB65 

-    20 

^ 

15 

Bk65 

-     20 

— 

15 

KB75 

-    15 

- 

10 

1 75 

-    15 

- 

10 

KB85 

-    10 

- 

5 

EMS5 

-    10 

- 

5 

KB90 

-     5 

- 

5 

Bl?0 

-     5 

- 

5 

%  Soil  by  Volume by  Vfei&ht 


20  13 .1* 

20  12.9 

15  9.2 

15  8.9 

10  5.6 

10  5.U 

5  2.8 

5  2.7 


ures  based  on  topsoil  having  a  bulk  density  of  .86  g/cm^ 

DISCUSSION 

Based  on  the  data  from  visual  observations  of  the  performance  of  five 
bentgrass  strains  growing  on  ten  soil  mixtures,  no  significant  differences 
existed  between  replications  which  strengthens  the  accuracy  of  the  method  de- 
vised to  evaluate  the  plots  and  adds  validity  to  the  analysis. 

The  variety  Carey  suffered  considerable  disease  injury  during  the  month 

of  August  and,  consequently,  the  ratings  on  this  grass  decreased  at  this 
stage  of  growth.     However,  the  other  two  stolonized  grasses,  Cohansey  and 

Springfield,  were  significantly  superior  in  their  performance  over  the  seeded 

varieties  of  Penncross  and  Seaside.    No  significant  differences  existed  among 
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the  two  strips  of  Cohansey  and  Springfield  but  Penncross  was  significantly 
better  than  Seaside  in  both  cases. 

This  indicates  the  superiority  of  certain  strains  of  grass  but  may  also 
be  due  to  the  difference  in  the  method  of  planting.     Although  quicker 
establishment  may  be  expected  from  stolons,  no  conclusions  may  be  drawn  con- 
cerning which  method  of  propagation  is  most  desirable   in  this  test  because 
no  one  variety  was  planted  both  ways,  due  to  the  inherent  genetic  nature  of 
the  species.    Kach  variety  was  propagated  by  its  standard  method  and,  there- 
fore, direct  comparisons  may  be  made  between  varieties,  regardless  of  the 
method  of  propagation. 

Trends  were  observed  in  performance  on  the  various  dates  observations 
were  made.     The  grasses  definitely  conformed  to  a  uniform  growth  curve  among 
varieties  but  fluctuated  with  maintenance  practices. 

Although  crabgrass  infestation  was  more  severe  on  the  heavy  soil  mix- 
tures, due  to  the  topsoil  being  a  major  source  of  seed,  it  was  thought  that 
the  infestation  of  this  weed  served  as  an  index  to  coverage  at  the  time  crab- 
grass  germination  occurred.     However,  this  resulted  in  a  lower  rating  of  the 
heavier  soil  mixtures  at  the  end  of  the  summer,  but  this  was  considered  to  be 
part  of  the  normal  maintenance  problems  of  any  golf  green. 

Nevertheless,  no  significant  differences  existed  among  soil  mixtures, 

according  to  the  F  test,  but  some  of  the  mixtures  definitely  supported  a  more 

favorable  putting  surface.     The  variation  in  mixtures  between  dates  of  ob- 
servation apparently  masked  the  differences  between  mixtures  at  the  end  of 

the  season. 

In  comparing  mixtures  on  certain  dates  throughout  the  summer,  90  per- 
cent Kaw  blow  sand  was  rated  significantly  better  13  out  of  li*  weeks.     Table 
7  represents  the  comparison  of  this  mixture  to  the  other  mixtures  on  the  1U 
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dates  of  rating.    Frequently  the  90  percent  Kaw  blow  sand  was  significantly- 
better  than  all  of  the  Blue  mason  mixtures  except  75  percent  mason  mixtures 
and  was  also  rated  significantly  better  than  the  other  Kaw  sand  mixes  in  sev- 
eral instances.     This  is  in  close  agreement  with  results  reported  by  Lunt  (23) 
who  suggested  the  use  of  85  to  90  percent  sand  of  similar  particle  sizes  pos- 
sessed by  the  Kaw  blow  sand. 

In  comparing  varieties  on  the  various  mixtures,  Cohansey,  in  both  repli- 
cations grew  best  on  75  percent  Kaw  blow  sand,  both  Benncross  replications 
performed  best  on  90  percent  Kaw  blow  sand  and  both  strips  of  Seaside  were 
rated  highest  on  100  percent  Kaw  blow  sand.     Carey  seemed  to  thrive  best  on 
65  percent  Kaw  blow  sand. 

The  90  percent  Kaw  blow  sand  was  among  the  first  and  second  choice  of 
mixtures  for  five  of  the  eight  grass  strips,  which  is  in  harmony  with  the 
reason  this  mixture  ranked  highest  on  its  support  of  top  growth  13  out  of 
the  Ik  dates,  and  indicates  the  superiority  of  this  mixture,  especially  for 
Penncross  which  ranked  first  on  this  mix  in  both  its  replications. 

The  close  agreement  between  replication  of  the  same  grass  variety  on  the 
same  soil  mixture  encourages  the  choice  of  a  specific  mixture  for  each  vari- 
ety.    The  mixtures  which  ranked  second  in  the  case  of  Cohansey  and  Seaside 
were  also  consistent  between  replications  which  further  adds  to  the  evidence 
of  the  possibility  of  a  specific  varietal  adaptation  to  a  certain  mixture. 

Of  the  Blue  mason  sand  mixes,  the  75  percent  sand  was  rated  highest  for 
the  entire  season,  which  is  consistent  with  the  recommendations  given  by 
Ferguson  (10)  using  coarse  sand  of  approximately  the  same  particle  size  and 
percentage  by  volume.    However,  all  of  the  Kaw  blow  sand  mixtures  were  equal 
to  or  superior  to  the  75  percent  Blue  mason  mixture  with  the  exception  of 
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85  percent  blow  sand,  but  these  differences  are  not  significant.    Although 
the  F  test  indicated  no  significant  differences  between  mixtures  for  the 
most  part,  Individual  differences  pointed  out  the  90  and  100  percent  Blue  mason 
sand  mixtures  to  be  significantly  poorer  than  the  other  mixtures.     Rapid  dry- 
ing out  of  this  coarser  grade  of  sand  and  frequent  desiccation  of  the  grass  was 
partly  responsible  for  the  poor  stand  of  grass  on  these  two  mixtures. 

Oven  dry  weights  of  roots  could  not  be  determined  due  to  the  contamin- 
ation by  the   peat  moss  used  in  the  mixtures,  but  based  on  data  from  the  root 
development  comparisons,  there  were  no  significant  differences  between  repli- 
cations which  strengthens  the  methods  used  to  compare  root  samples.     Root 
depth  was  measured  at  the  time  of  plugging  but  this  was  not  considered  in  the 
evaluation  of  root  quality  since  these  measurements  were  compared  in  a  separate 
analysis . 

The  term  "root  development"  was  used  to  describe  the  characteristics  of 
root  growth  which  included  density,  distribution  and  extensiveness  of  fibrous- 
ness  of  the  root  system. 

Large  significant  differences  existed  between  mixtures  with  the  trend  be- 
ing toward  more  fully  developed  root  systems  in  the  higher  sand  content  mixes. 
The  graph  in  Plate  VI  illustrates  this  phenomenon.    These  data  are  in  agree- 
ment with  results  reported  by  Loehwing  (22)  who  observed  more  fibrous  and 
highly  developed  root  systems  on  plants  in  well  aerated  soils. 

In  the  mason  sand  mixtures,  root  development  increased  as  the  percentages 
of  sand  increased  from  75  to  100  percent,  except  in  the  90  percent  mason  sand 
mixture,  where  all  of  the  varieties  indicated  a  decrease  in  root  growth.    Co- 
hansey  even  showed  a  downward  fluctuation  in  the  75  percent  mason  mixture. 

Cohansey  on  the  Kaw  blow  sand  mixtures  demonstrated  its  poorest  root  de- 
velopment in  the  85  percent  mixture,  but  all  of  the  other  grasses  showed  an 
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upward  trend  from  65  to  100  percent  sand  except  Springfield  which  did  not 
vary  in  the  mixes  containijrjg  from  65  to  85  percent  blow  sand.     These  data 
support  observations  made  by  Nelson  (2ii)  who  reported  bentgrass  growing  on 
95  percent  sand  exhibited  surface  characteristics  equal  to  grasses  on  a 
sandy  loam  but  possessed  better  developed  root  zones.     In  comparing  varieties, 
lenncross  and  Seaside  were  rated  significantly  over  the  stolonized  varietiesj 
however,  no  significance  existed  between  ifenncross  and  Seaside  or  between 
Cohansey  and  Springfield. 

In  the  analysis  of  the  data  on  root  depth,  each  strip  of  grass  was 
considered  a  separate  variety}  therefore,  significant  differences  did  exist 
between  varieties  as  can  be  seen  in  the  array  of  means  in  Table  13,  but  also 
there  are  significant  differences  between  the  two  replications  of  grass. 
This  difference  between  replications  can  be  partly  attributed  to  sampling 
error  since  half  of  the  green  was  resampled  later  after  finding  a  fault  in 
the  procedure. 

Therefore,  in  making  comparisons  in  Table  13,  Permcross  (6),  Spring- 
field (5),  Cohansey  (7)  and  Seaside  (U)  should  be  grouped  and  compared  to- 
gether and  the  remaining  three  which  were  on  the  other  half  of  the  green 
and  sampled  later  should  be  compared  separately. 

Although  these  figures  cannot  be  compared  with  any  degree  of  confi- 
dence, the  totals  of  the  replications  indicate  the  possibility  of  deeper 
root  systems  on  Penncross,  Seaside,  Cohansey  and  then  Spriiv  field  in  de- 
scending order.     These  differences  were  not  significant,  however. 

Some  inferences  may  be  gained  from  these  data  but,  for  the  most  part, 
variation  in  depth  of  roots  was  dependent  upon  the  depth  of  the  soil  plug 
taken.     Varying  moisture  levels  and  texture  of  the  mixtures  greatly  in- 
fluenced the  ease  of  plugging  and,  consequently,  the  condition  of  the  plug 
obtained . 
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In  the  hi[-her  sand  content  mixes  in  the  mason  group,  the  mixture  failed 
to  hold  together  and,  therefore,  a  complete,  intact  plug  9k  Inches  or  23 
centiliters  deep  was  not  always  recovered  from  the  plot.     If  the  bottom 
portion  of  the  soil  fell  off,  a  shallower  plug  and  thus  a  shorter  root 
system  was  the  result;  whereas,  on  the  100  percent  and  other  high  sand  con- 
tent mixes  many  roots  were  pulled  up  which  extended  down  into  the  mixture 
deeper  than  the  soil  plugger,   some  of  which  even  extended  into  the  gravel 
layer  below  the  mixture.     This  accounts  for  sojss  of  the  root  systems  being 
deeper  than  23  centimeters  and  otters  only  19  and  20  centiaeters  deep. 

The  variation  in  root  depth  between  grass  varieties  is  largely  due  to 
error  in  sampling  as  can  be  seen  by  the  variation  between  the  two  replications 
of  Penncross  and  Cohansey.     Nevertheless,  much  knowledge  was  gained  concerning 
the  distribution  and  depth  of  bentgrass  roots  the  first  season  of  growth. 

This  study  initiates  a  continuing  series  whose  objective  is  to  record 
all  visible  differences  which  are  worthy  of  consideration  and  which  might 
add  to  the  storehouse  of  information  on  this  subject.     Further  differences 
are  reflected  in  the  condition  in  which  the  plots  survived  the  first  winter 
after  planting.     The  green  was  watered  occasionally  during  the  winter  months 
to  prevent  desiccation  of  the  grass,   however,   some  winter  injury  was  evident 
on  Karch  21  as  the  bentgrass  resumed  its  growth.     The  most  severe  damage 
occurred  on  the  1D0  percent  Blue  mason  sand  plots,  followed  by  ICO  percent 
Kaw  blow  sand.     The  extent  of  damage  was  directly  related  to  the  percentages 
of  sand  in  the  mixtures.     The  most  severe  injury  occurred  to  the  Blue  mason 

sand  plots,  with  some  of  them  being  almost  completely  killed.     Ihe  injury  was 
less  severe  as  the  percent  of  sand  decreased  and  there  was  very  little  in- 
jury to  85  and  75  percent  sand  plots  and  no  injury  was  visible  on  the  grass 
growing  on  65  percent  sand. 
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The  primary  cause  of  the  injury  was  evidently  drying  of  the   sandy  mixes 
and  direct  desiccation  of  the  grasses,  which  was  less  noticeable  on  mixtures 
containing  higher  amounts  of  soil  and  organic  matter.     Among  varieties,  Carey 
suffered  the  most  winter  injury,  followed  by  Springfield  and  Cohansey,  all  of 
which  were  stoionized.     The  seeded  varieties  of  Penncross  and  Seaside  were 
less  severely  damaged.     Ihese  observations  may  be  correlated  with  the  evidence 
pointing  toward  deeper  and  better  developed  root  systems  on  the  seeded 
varieties.    In  contrast,  on  July  30  it  was  observed  that  the  first  strips  to 
suffer  from  drying  out  and  wilting  were  the  seeded  grasses,  evidently  then 
possessing  shallower  root  systems  than  etolonized  varieties.     Uy  the  end  of 
the  season  though,  the  root  development  of  Penncross  and  Seaside  had  sur- 
passed  that  of  Cohansey  and  Springfield. 

Penncross  was  the  earliest  variety  to  green  up  in  the  spring,  while 
Springfield  was  the  last  one  to  resume  growth. 

An  examination  of  the  data  in  Table  lli  concerning  the  mechanical  analyses 
of  the  mixtures  indicates  a  close  relationship  between  the  calculated  per- 
centages and  the  actual  percentages  of  sand,  silt  and  clay  in  the  laboratory 
samples.     In  the  calculated  percentages  the  peat  moss  comprises  from  .51  to 
1.7U  percent  of  the  welghtj  whereas,  in  the  mechanical  analysis,  the  organic 
matter  is  not  measured.     *ihis  small  percentage  is  evidently  distributed  within 
the  other  fractions  of  sand,  silt  and  clay. 

In  a  comparison  of  the  hydrometer  method  with  the  pipette  method  of 
mechanical  analysis  by  Bouyoucos  (3)»  the  organic  content  of  the  soil  did 
not  interfere  greatly  with  the  results  even  though  it  was  not  destroyed  with 
hydrogen  ;eroxide  prior  to  the  analysis  by  the  hydrometer  method. 

By  comparing  the  calculations  with  the  actual  percentages  obtained  in 
the  laboratory  samples,  it  can  readily  be  seen  that  the  results  from  the 
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hydrometer  method  indicated,   in  most  cases,  more  sand  and  less  silt  than  was 
calculated.     Ihe  clay  content  was  usually  a  little  higher  than  was  expected. 

In  observing  the   soil  columns  during  the  mechanical  analysis,  the  peat 
moss  app.ared  to  settle  out  with  the  sand,  or  between  the  sand  and  silt 
layers,  which  could  easily  affect  the  amounts  of  these  two  constituents. 
The  finer  particles  of  organic  matter  which  remained  in  suspension  longer 
could  have  increased  the  reading  of  the  clay  content  to  a  small  degree. 

In  comparing  the  field  sample  with  the  laboratory  sample  the  immediate 
conclusion  is  that  more  soil  or  a  volume  of  soil  with  a  higher  bulk  density 
was  used  in  the  construction  of  the  green  than  was  used  in  the  laboratory 
samples.  This  could  have  easily  been  possible  since  the  stock  pile  of  soil 
at  the  site  of  the  green  had  settled  somewhat  during  the  winter,  increasing 
the  bulk  density. 

Therefore,  the  mechanical  analysis  data  do  not  furnish  an  accurate  in- 
dication of  the  exact  volume  proportions  of  the  mixtures  in  the  field,  but 
the  figures  from  the  samples  composed  of  sand  and  soil  with  a  known  bulk 
density  represent  a  correlation  which  is  quite  close  and  indicates  the  pos- 
sibility of  using  the  Bouyoucos  hydrometer  method  in  estimating  the  pro- 
portions of  sand,   silt  and  clay  which  are  incorporated  into  a  golf  green 
mixture,  provided  an  analysis  of  the  topsoil  and  sand  used  is  available. 

Very  few  workers  have  expressed  the  quantities  of  soil  used  in  golf  green 
mixtures  in  any  other  quantity  than  volume,  due  to  the  fact  that  it  is  the 
most  common  method  of  measuring.     However,   this  measurement  varies  to  a  great 
extent  depending  on  the  bulk  density  of  the  particular  soil. 

Kunze  (20)  reported  tie  amounts  of  soil  in  a  desirable  mixture  ranged 
from  5  to  10  percent  clay  soil  by  volume  or  2  to  U  percent  by  weight.     The 
volume-weight  comparisons  of  the  soil  in  the  laboratory  mixtures  in  Table  15 
indicate  a  somewhat  heavier  soil  than  was  used  by  Kunze,  but  this  could  be 
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expected  of  a  soil  containing  large  amounts  of  silt  and  sand. 

These  soil  analyses  were  an  attempt  to  determine  the  proportions  of  sand, 
silt  and  clay  in  a  golf  green  mixture  and  correlate  these  fibres  with  current 
recommendations  which  are  given  in  volume  proportions. 

SUMMARY  AND  CONCLUSIONS 

Based  on  the  observations  of  the  five  bentf.rass  varieties  growing  on 
ten  different  soil  mixtures  for  one  complete  growin,      eason,  the  following 
conclusions  are  suggested! 

1.  Stolonized  grasses  performed  significantly  better  than  seeded 
varieties,  with  Penncross  being  superior  to  Seaside. 

2.  Although  no  significant  differences  occurred  between  soil  mixtures, 
90  percent  Kaw  blow  sand  supported  the  most  desirable  putting  sur- 
face, with  90  and  100  percent  Blue  mason  sand  mixtures  being  poorest. 

3.  Higher  percentages  of  sand  resulted  in  more  extensively  developed 
root  systems  with  blow  sand  being  more  conducive  to  root  development 
than  mason  sand. 

h*     Seeded  varieties  possessed  more  fully  developed  root  systems  than 
did  stolonized  grasses. 

5.    Winter  injury  attributed  to  desiccation  of  the  grasses  was  most 
severe  on  the  higher  sand  content  mixtures,  esj«cially  on  the  Blue 
mason  sands,  and  was  most  noticeable  on  the  stolonized  varieties. 
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It  was  the  purpose  of  this  investigation  to  evaluate  10  experimental 
soil  mixtures  and  determine  the   sand-soil-peat  ratio  which  was  superior  for 
the  root  and  top  growth  of  five  bentgrass  varieties. 

The  soil  mixtures  included  in  this  test  contained  from  65  to  100 
percent  sand  of  two  distinct  grades,  one  a  fine  blow  sand  with  68  percent 
of  its  particles  in  the   .25  to  .5  millimeter  size  group,  the  other  a  coarser 
mason  sand  containing  h9  percent  of  its  particles  in  the   .5  to  1.0  millimeter 
range. 

The  mixtures  were  placed  12  inches  deep  over  a  three  inch  layer  of 

i 
gravel  for  drainage  and  planted  to  bentgrass,  iigrostis  palustris,   varieties 

Cohansey,  Springfield,  Carey,   Iermcross  and  Seaside. 

Based  on  visual  observations  of  the  plots  during  the  first  growing 
season  without  any  play  on  the  green,   the  stolonized  varieties  Cohansey  and 
Springfield  were  significantly  better  in  putting  surface  quality  than  the 
seeded  varieties  of  Permcross  and  Seaside,  with  Penncross  being  superior  to 
Seaside • 

An  analysis  of  variance  indicated  no  significant  differences  among  soil 
mixtures  at  the  end  of  the  first  season.     However,  significant  differences  did 
exist  between  mixtures  at  certain  dates  during  the  summer,  with  the  mixture 
containing  90  percent  Kaw  blow  sand  rated  best  13  out  of  1U  weeks,  and  fre- 
quently being  superior  to  all  the  mason  sand  mixtures. 

The  75  percent  mason  sand  mixture  exhibited  the  best  putting  surface 
of  the  coarse  sand  mixtures,  with  90  and  100  percent  Blue  mason  sand  being 
the  poorest  mixtures  on  the  green. 

Root  development  was  observed  by  sampling  and  washing  the  root  systems 
of  the  grasses  on  all  plots.     Oven  dry  weights  could  not  be  determined  due  to 


the  contamination  by  the  organic  matter  included  in  the  mixtures.    However, 
based  on  the  density  and  distribution  of  roots,  the  root  development  was  more 
extensive  as  the  percent  of  sand  increased,  with  the  best  development  in  the 
100  percent  blow  sand.     The  seeded  varieties  were  significantly  better  than 
the  stolonized  grasses  in  their  root  development. 

Root  depth  was  measured  and  varied  between  replications  and  varieties 
but  wa3  not  significant  between  soil  mixtures.    Most  of  the  root  systems 
penetrated  to  a  depth  exceeding  23  centimeters,  with  evidence  pointing  to- 
ward deeper  root  systems  on  the  seeded  varieties. 

Observations  in  the  spring  indicated  some  winter  injury  had  occurred  to 
the  grass  growing  on  the  higher  sand  content  mixtures,  especially  of  the  mason 
group,  apparently  caused  by  desiccation.    The  injury  was  most  severe  on  the 
stolonized  varieties  which  is  in  contrast  to  observations  made  during  the 
summer  when  the  seeded  grasses  were  the  first  to  suffer  from  drying  out.     This 
is  further  evidence  pointing  toward  a  deeper  and  better  developed  root  system 
on  the  seeded  varieties. 

A  mechanical  analysis  was  conducted  on  samples  of  the  mixtures  in  an  at- 
tempt to  correlate  weight  measurements  with  volume  proportions. 


